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WE CLAIM : 

1 . A methooSof detecting a nucleic acid having at least two portions comprising: 
providing aVype of nanoparticles having oligonucleotides attached thereto, 

the oligonucleotides on each nanoparticle having a sequence complementary to the sequence 
of at least two portions of theWcleic acid; 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligpnucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles WtlT^e nucleic acid. 

2. A method of detec^ng nuoJeic aad having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles having 

oligonucleotides attached thereto\ the oligoW on the first type of nanoparticles 

having a sequence complementar^io^Snrst poMion m the sequence of the nucleic acid, the 
oligonucleotides on the second type\of nanopartrcles Having a sequence complementary to 
a second portion of the sequence oi the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligpnucleotides on the nanoparticles with 
the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid, 

3. The method of Claim 2 wherein the contactii^jg conditions include freezing 
and thawing, 

4. The method of Claim 2 wherein the contacting ccmditions include heating. 
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5. The nkthod of Claim 2 wherein the detectable change is observed on a solid 



surface. 



6, The method of Claim 2 wherein the detectable change is a color change 
observable with the naked eye. 



7. The method V^f Claim 6 wherein the color change is observed on a solid 



surface. 



8. The method of Claim 2 wherein the nanoparticles are made of gold. 



9. The method of (2|laim 2 ^erein the oligonucleotides attached to the 
nanoparticles are labeled on th^r ends not attadied to the nanoparticles with molecules that 
produce a detectable change upbn hybridization Oifthe oligonucleotides on the nanoparticles 
with the nucleic acid. 



10. The method of VClaim \9 wherein\ the nanoparticles are metallic or 
semiconductor nanoparticles and\lhe oli^nucleotiaes attached to the nanoparticles are 
labeled wdth fluorescent moleculesN 



1 1 . The method of Claim 2 wherein\ 

the nucleic acid has a third portJbn located between the first and second 
portions, and the sequences of the oligonucleotiaes on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted ^th a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. 
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12. The lAethod of Claim 2 wherein the nucleic acid is viral RNA or DNA. 

13. The metnod of Claim 2 wherein the nucleic acid is a gene associated with a 

14. The method of Claim 2 wherein the nucleic acid is a bacterial DNA. 

15. The method of OJlaim 2 wherein the nucleic acid is a fungal DNA. 



16. The method of ClaSm 2 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a stnicturally-modi|i^nati^l or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

1 7. The method onClaim 2 wnfereinj^eluicleic acid is from a biological source. 

1 8. The method of Qpim 2 whereuj the nucleic acid is a product of a polymerase 
chain reaction amplification. 

1 9. The method of Claim 2 wherein theVucleic acid is contacted with the first and 
second types of nanoparticles simultaneously. 

20. The method of Claim 2 wherein the nueleic acid is contacted and hybridized 
with the oligonucleotides on the first type of nanoparticles before being contacted with the 
second type of nanoparticles. 

2 1 . The method of Claim 20 wherein the first tyj^e of nanoparticles is attached to 
a substrate. 
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22. The method of Cladm 2 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleoliides on the nanoparticles results in the production of a 
triple-stranded complex. \ 

23. A method of detecting kucleic acid having at least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides ^ttached thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; \ 

providing a second type of Mnoparticlek having oligonucleotides attached 
thereto, the oligonucleotides having a sequmceVomplementary to one or more other portions 
of the sequence of said nucleic acid; ^ \ ^A-— 

contacting said nucleic aci^fcoiyi^-^tf^ substrate with the second type of 
nanoparticles under conditions effective to alw)w hybridization 6f the oligonucleotides on the 
second type of nanoparticles with said nuclei<nacid;\and 

observing a detectable change. \ 

24. The method of Claim 23 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nudleic acids, or both. 

25. A method of detecting nucleic acid having aA least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, tha oligonucleotides having a 
sequence complementary to a first portion of the sequence of aVucleic acid to be detected; 
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contactingNsaid nucleic acid with the nanoparticles attached to the substrate 
under conditions effective taallow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; \ 

providing a second type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides halting a sequence complementary to one or more other portions 
of the sequence of said nucleic aciid; 

contacting said nucleic acid bound to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with saia nucleic acid; 

providing a binding oligonucleotide having a selected sequence having at least 
two portions, the first portion being compiafi\entary to at least a portion of the sequence of 
the oligonucleotides on the second type oVnanc^siarticles; 

contacting the binding oligonucleotide with the second type of nanoparticles 
bound to the substrate under concfitions eflfectiycT^all^ hybridization of the binding 
oligonucleotide to the oligonucleotioe^^eti^e^anopm^ 

providing a third <^ekof nanobarticle\ having oligonucleotides attached 
thereto, the oligonucleotides having a s^uence complen^ntary to the sequence of a second 
portion of the binding oligonucleotide; \ 

contacting the third type of nanopansicles with the binding oligonucleotide 
bound to the substrate under conditions effective ta allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 

observing a detectable change. \ 

26. The method of Claim 25 wherein the substlrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 

27. A method of detecting nucleic acid having at least two portions comprising: 
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contacting Y nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said feucleic acid bound to the substrate with a first type of 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oHgonucleotides^^nlhe^^ with said nucleic acid; 

contacting the first/type of nanotoarticles bound to the substrate with a second 
type of nanoparticles having oligbnuclW^ attached thereto, the oligonucleotides on the 
second type of nanoparticles havmg a seduence complementary to at least a portion of the 
sequence of one of the types ofAoligonutleeti^^ the first type of nanoparticles, the 
contacting taking place under VJ^^ effective to allow hybridization of the 
oligonucleotides on the first and secoVid typek of nan^articles; and 

observing a detectableM:hange. 

28. The method of Claim 27 wherein the f^st type of nanoparticles has only one type 
of oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to the second portion of the sequence of said nucleic acid and to at least a portion of the 
sequence of the oligonucleotides on the second type of nanoparticles. 



29. The method of Claim 28 further comprismg contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization o^the oligonucleotides on the first 
and second types of nanoparticles. 
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30. The method\of Claim 27 wherein the first type of nanoparticles has at least two 
types of oligonucleotide^ attached thereto, the first type of oligonucleotides having a 
sequence complementary lo the second portion of the sequence of said nucleic acid, and the 
second type of oligonucleo\ides having a sequence complementary to the sequence of at least 
a portion of the oligonucleotides on the second type of nanoparticles. 

31. The method of cWm 30 further comprising contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 
place xmder conditions effective tip allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles.\ 

32. The method of Claim 27 wherem the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple-difflE^^ nucleic acids, or both, 

33. The method of anwpne of GJaims 23-32wherein the substrate is a transparent 
substrate or an opaque white subsiftate. \ 

34. The method of Claim 33 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

35. The method of any one of Claims 23-32 wherein the nanoparticles are made 
of gold. \ 

36. The method of any one of Claims 23-32 wherein the substrate is contacted 
with silver stain to produce the detectable change. \ 
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37. The methoa of any one of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 

38. A method of d&tecting nucleic acid having at least two portions comprising: 
contacting a micleic acid to be detected with a substrate having 

oligonucleotides attached theretd, the oligonucleotides having a sequence complementary to 
a first portion of the sequence W said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucJejo--^^ to the substrate with a type of 

nanoparticles having oligonucleoUaete attached thereto, the oligonucleotides having a 



sequence complementary to a si 



:ond portion ofi the sequence of said nucleic acid, the 



contacting taking place und^ condifions^^efffeM^ to allow hybridization of the 
oligonucleotides on the nanopartitlejjwimsaid nucleic acid; 

contacting the substfate witlAsilver staOj to produce a detectable change; and 

observing the detectalple charijge. 

39. The method of Claim 38 wherein tne nanoparticles are made of a noble metal. 

40. The method of Claim 39 wherein the nanoparticles are made of gold or silver. 

41. The method of Claim 38 wherein the Wbstrate has a plurality of types of 
oligonucleotides attached to it in an array to allow forVhe detection of multiple portions of 
a single nucleic acid, the detection of multiple difFerenttnucleic acids, or both. 

42. The method of any one of Claims 38-41 ^i^herein the detectable change is 
observed with an optical scanner. 
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43. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence\of said nucleic acid, the contacting taking place under 
conditions effective to allow hybrio|ization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; 

contacting the liposom^ Bound t(Jv the substrate with a first type of 



nanoparticles having at least a first 
oligonucleotides having a hydrophob 
nanoparticles, the contacting taking plad 



oligQnucleotidbs attached thereto, the first type of 
group attachMjD--the end not attached to the 
I undgp^etSndition^ effective to allow attachment of 
the oligonucleotides on the nanoparticTJts to tHe liposonks as a result of hydrophobic 
interactions; and 

observing a detectable change. 



44. A method of detecting nucleic acid ha^^ng at least two portions comprising 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucle^otides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the sul^strate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having asequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization oUe oligonucleotides on the liposomes with said nucleic 

acid; 

contacting the lipoUmes bound to the substrate with a first type of 
nanoparticles having at least a first Le oligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophkc group attached to the end not attached to the 
nanoparticles, the contacting taking plLe under conditions effective to allow attachment of 
the oligonucleotides on the nanopartiks to the liposomes as a result of hydrophobic 
interactions; 

contacting the first type of nLoparticles bound to the liposomes with a second 
type of nanoparticles having oligonucleotidbs attached thereto, 

the first type of nanop^tidesh^ing a second type of oligonucleotides 
attached thereto which have a sequence co^lWntaX at least a portion of the sequence 
of the oligonucleotides on the second typfe of nknoparticL, 

the oligonucleotiL on *e seconjiu^ having a 

sequence complementaiy to at least a ^rtiei^^ of the second type of 

oligonucleotides on the first type of nanopLticlesA 

the contacting takin^^ place\ under conditions effective to allow 
hybridization of the oligonucleotides on the first and^cond types of nanoparticles; and 
observing a detectable change. 

45. nie method of Claim 43 or 44 wherein the slbstrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for theWtection of multiple portions of 
a single nucleic acid, the detection of multiple different nutleic acids, or both. 

46. The method of Claim 43 or 44 wherein the nLparticles are made of gold. 



47. The method of Claim 43 or 44 wherein the subjfrate is contacted with silver 
stain to produce the detectable change. 
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48. The metWod of any one of Claims 43 or 44 wherein the detectable change is 
observed with an optical scanner. 

49. A method of detecting nucleic acid having at least two portions comprising: 
provic|ing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a fikst portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow l^ybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing an aggre^atfe probfesx)mprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hyfiridization cif some of the oligonucleotides attached 
to them, at least one of the wpes of naiiopaftftles of the aggregate probe having 
oligonucleotides attached thereto whigb^r^ a sequenop complementary to a second portion 
of the sequence of said nucleic acic 

contacting said nucldlc acid bdund to the ^bstrate with the aggregate probe 
under conditions effective to allow l^bridizatii^n of the oligonucleotides on the aggregate 
probe with said nucleic acid; and 

observing a detectable change. 

50. The method of Claim 49 wherein the\ substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



51. A method of detecting nucleic acid havina at least two portions comprising: 
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providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequenoe complementary to a first portion of the sequence of a 
nucleic acid to be detected; \ 

providing an aggreg^e probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types \of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto whichmve a sequence complementary to a second portion 
of the sequence of said nucleic acid; \ 

contacting said nucleic acid, the sbbstrate and the aggregate probe under 
conditions effective to allov^ hybridizationW said nucleic acid vdth the oligonucleotides on 
the aggregate probe and with the oligonuclqptides on the substrate; and 

observing a detectable changA. _,JL^ 

52. The method of Claim 5 1 wherein sam nucleic acid is contacted with the substrate 
so that said nucleic acid hybridizes wi|h the oKgonucleoiides on the substrate, and said 
nucleic acid bound to the substrate is then contacted v^th the aggregate probe so that said 
nucleic acid hybridizes with the oligonucleotides on the aggregate probe. 

53. The method of Claim 51 wherein said\ nucleic acid is contacted v^th the 
aggregate probe so that said nucleic acid hybridizea with the oligonucleotides on the 
aggregate probe, and said nucleic acid bound to the aggregate probe is then contacted v^th 
the substrate so that said nucleic acid hybridizes with the pligonucleotides on the substrate. 

54. The method of Claim 51 wherein said nucleic acid is contacted simultaneously 
with the aggregate probe and the substrate. \ 
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55. The method of Claim 51 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the deteAtion of multiple different nucleic acids, or both. 

56. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto; 
providing an aggregate probe comprising at least two types of nanoparticles 

having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types V)f nanoparticles of the aggregate probe having 
oligonucleotides attached thereto whichkave.a sequence complementary to a first portion of 
the sequence of a nucleic acid to be detected; \ 

providing a type of n^opartrcles ha^Hng at least two types of oligonucleotides 
attached thereto, the first type of olrgonuclrotides hs^ a sequence complementary to a 
second portion of the sequence of s^^JJueWfic ^ me second type of oligonucleotides 
having a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the substrare; \ \ 

contacting said nucleic acia, the aggregate probe, the nanoparticles and the 
substrate, the contacting taking place under condkions effective to allow hybridization of 
said nucleic acid wdth the oligonucleotides on the aggregate probe and on the nanoparticles 
and hybridization of the oligonucleotides on the nanOTarticles v^th the oligonucleotides on 
the substrate; and \ 

observing a detectable change. \ 

57. The method of Claim 56 wherein said nuileic acid is contacted v^th the 
aggregate probe and the nanoparticles so that said nuoleic acid hybridizes with the 
oligonucleotides on the aggregate probe and with the oligonubleotides on the nanoparticles, 
and said nucleic acid bound to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the o'Mgonucleotides on the nanoparticles hybridize with the 
oligonucleotides on the substrate. 

58. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucfleic acid hybridizes with the oligonucleotides on the 
aggregate probe, said nucleic acid bmmd to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid bound to the aggregate probe and nanoparticles is then 
contacted with the substrate so that the oligonucleotides on the nanoparticles hybridize with 
the oligonucleotides on the substrate. \ 

59. The method of Claim So whWein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, the nanoparticles are contacted Vdth the substrate so that the 
oligonucleotides on the nanoparticles WbridizeWth^^ on the substrate, 
and said nucleic acid bound to the aggo^^^^-pfo^ is then contacted with the nanoparticles 
bound to the substrate so that said nucleic acid hyoridizes with the oligonucleotides on the 
nanoparticles. ^ \ J 

60. The method of Claim 56 wherein the substrate has the oligonucleotides attached 
to it in an array to allow for the detection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. \ 

6 1 • The method of any one of Claims 49-60 wh^ein the substrate is a transparent 
substrate or an opaque white substrate. \ 

62. The method of Claim 61 wherein the detectable change is the formation of 
dark areas on the substrate. \ 
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63. The method of^any one of Claims 49-60 wherein the nanoparticles in the 
aggregate probe are made of gold. 

64. The method of any ond of Claims 49-60 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 

65. The method of any oneV)f Claims 49-60 wherein the detectable change is 
observed with an optical scanner. \ 

66. A method of detecting nuckJi^cid M^(ing at least two portions comprising: 
contacting a nucleic y^id \to be deleted with a substrate having 

oligonucleotides attached thereto, the oaigonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the c»ligpi«ieIeoT|^ on the substrate with said 

nucleic acid; u^^"'^^'^ \ \ 

contacting said nucleic acdd bound to the subsWate with liposomes having 
oligonucleotides attached thereto, the oligoVucleotidekhaving a^equence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides ©n the liposomes with said nucleic 
acid; \ 

providing an aggregate probe comprising atueast two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some ofi the oligonucleotides attached 
to them, at least one of the types of nanoparticles of me aggregate probe having 
oligonucleotides attached thereto which have a hydrophobic CTOup attached to the end not 
attached to the nanoparticles; \ 
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contacting the liposomes bound to the substrate with the aggregate probe 
under conditions effective to allowttachment of the oligonucleotides on the aggregate probe 
to the liposomes as a result of hydrophobic interactions; and 

observing a detectable change. 

67. The method of Claim 66 wherein the nanoparticles in the aggregate probe are 
made of gold. \ 

68. The method of Claim 66 wherein the substrate is contacted with a silver stain to 
produce the detectable change. \ 

69. The method of Claim 66 >wherein the^mbstrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for tlRe detection of multiple portions of 
a single nucleic acid, the detection of multiple\different micleic acids, or both. 

70. A method of detecting nucleicapil^liaving at least two portions comprising: 
providing a substratehaving Oligonucleotides attached thereto, the 

oligonucleotides having a sequence complementaI^^ to a firsrt portion of the sequence of a 
nucleic acid to be detected; \ \ ^ 

providing a core probe comprising atkast two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attachedtthereto which are complementary to 
the oligonucleotides on at least one of the other types onnanoparticles, the nanoparticles of 
the aggregate probe being bound to each other as a result of the hybridization of the 
oligonucleotides attached to them; \ 

providing a type of nanoparticles having\ two types of oligonucleotides 
attached thereto, the first type of oligonucleotides having a sequence complementary to a 
second portion of the sequence of said nucleic acid, the second type of oligonucleotides 
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having a sequence complementary to a portion of the sequence of the oligonucleotides 
attached to at least one of the types of nanoparticles of the core probe; 

contacting said nucleic acid, the nanoparticles, the substrate and the core 
probe under conditions effective to allow hybridization of said nucleic acid with the 
oligonucleotides on the nanoparticles and v^th the oligonucleotides on the substrate and to 
allow hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides 
on the core probe; and \ 

observing a detectable change. 

71 . The method of Claim Tp^erein s^d nucleic acid is contacted with the substrate 
so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacwd^ the nanoparticles so that said 
nucleic acid hybridizes with the kigonucleotijjje^n thet nanoparticles, and the nanoparticles 
boxmd to said nucleic acid are coWcte^;^^^ the core probe so that the oligonucleotides on 
the core probe hybridize with thejpligonucld^ on the nanoparticles. 

72. The method of Claim 70 wherein said nucleic acid is contacted v^th the 
nanoparticles so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, said nucleic acid boimd to the nanoparticles is then contacted with the 
substrate so that said nucleic acid hybridizes with me oligonucleotides on the substrate, and 
the nanoparticles bound to said nucleic acid are contacted with the core probe so that the 
oligonucleotides on the core probe hybridize v^th the oligonucleotides on the nanoparticles. 

73 . A method of detecting nucleic acid haviiW at least two portions comprising: 
providing a substrate having oligonubleotides attached thereto, the 

oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; \ 
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providing a core probe comprising at least two types of nanoparticles, each 
type of nanoparticlds having oligonucleotides attached thereto which are complementary to 
the oligonucleotidesXon at least one other type of nanoparticles, the nanoparticles of the 
aggregate probe beirig bound to each other as a result of the hybridization of the 
oligonucleotides attached to them; 

providing\ a type of linking oligonucleotides comprising a sequence 
complementary to a second portion of the sequence of said nucleic acid and a sequence 
complementary to a portion\of the sequence of the oligonucleotides attached to at least one 
of the types of nanoparticles of the core probe; 

contacting said \iucle ic acid, the linking oligonucleotides, the substrate and 
the core probe under conditi^dffec^^ allow hybridization of said nucleic acid with the 
linking oligonucleotides/and witii the o^gonucleotides on the substrate and to allow 
hybridization of the Aligonucldbtides olithe linking oligonucleotides with the 
oligonucleotides on the co\te probe; knd^x^^A 

observing a Mtect^bfekhange. \ 

74. The method of anyWe of Claims 70 J73 wherein the substrate has a plurality of 
types of oligonucleotides attached to it i\ an array to allow for the detection of multiple 
portions of a single nucleic acid, the detectiW of multiple different nucleic acids, or both. 

75. The method of any one of Claim^O-73 wherein the substrate is a transparent 
substrate or an opaque white substrate. \ 

76. The method of Claim 76 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

77. The method of any one of Claims 70-73 whe\ein the nanoparticles in the core 
probe are made of gold. \ 
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78. The method of alw one of Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the dkectable change. 



79. The method of Wiy one of Claims 70-73 wherein the detectable change 
observed with an optical scanne) 
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80.. A method of detecting a nucleic acid having at least two portions comprising: 
providing nanopartifcles having oligonucleotides attached thereto; 
providing one or moitjj^es of binding oligonucleotides, each of the binding 
oligonucleotides having two por^idn^the^quence of one portion being complementary to 



eic acid and the sequence of the other portion 
^nucleotides on the nanoparticles; 

the binding oligonucleotides under 
)igonucleotides on the nanoparticles with 



the sequence of one of the porti 
being complementary to the sjquence 

contacting tho. nanopa 
conditions effective to allow hvbridizatii 
the binding oligonucleotides; 

contacting the nuMeic acid ^d the bilking oligonucleotides under conditions 
effective to allow hybridization of the bindW oligonucleotides with the nucleic acid; and 

observing a detectable chang\. 

8 1 . The method of Claim 80 wher^ the nanoparticles are contacted with the 
binding oligonucleotides prior to being contacted with the nucleic acid. 



82. A method of detecting a nucleic acidWving at least two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one or more binding oligonucleotides, each of the binding 
oligonucleotides having two portions, the sequence of dne portion being complementary to 
the sequence of at least two portions of the nucleic acid arid the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 
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contacting the nanoparticles and the binding oligonucleotides under 
conditions effective to allow hybridization of the oligonucleotides on the nanoparticles with 
the binding oligonucleotides; \ 

contacting the nucleic acid and the binding oligonucleotides under conditions 
effective to allow hybridization of the binding oligonucleotides with the nucleic acid; and 

observing a detectaWe change. 

83. A method of detectinAnucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of particles having oligonucleotides 

attached thereto, \ 

the oligonucleotides on the first type of particles having a sequence complementary 
to a first portion of the sequence of the nucieicVid and being labeled with an energy donor, 

the oligonucleotides on the second Vpe of particles having a sequence 
complementary to a second portion of the sequenc^of the nucleic acid and being labeled 
with an energy acceptor, I \ 

the contacting taking place untier cpriattions effective to allow hybridization of the 
oligonucleotides on the particles withf%e nucletc acid; atid 

observing a detectable change br&ught about by hj/bridization of the oligonucleotides 
on the particles with the nucleic acid. \ 

84. The method of Claim 83 wherein W energy donor and acceptor are 
fluorescent molecules. \ 

85. A method of detecting nucleic acid havinaat least two portions comprising: 
providing a type of microspheres having oligonucleotides attached thereto, 

the oligonucleotides having a sequence complementary to aVfirst portion of the sequence of 
the nucleic acid and being labeled with a fluorescent molecme; 
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providing a t^pe of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a second portion of the sequence 
of the nucleic acid, nanopartictes being capable of producing a detectable change; 

contacting the nilcleic acid v^th the microspheres and the nanoparticles under 
conditions effective to allow hybridization of the oligonucleotides on the microspheres and 
on the nanoparticles with the nucleic acid; and 

observing a change in fluorescence, another detectable change produced by 
the nanoparticles, or both. \ 

86. The method of Claim 85 wherein the detectable change produced by the 
nanoparticles is a change in color. X \. 

87. The method of Claim 85 wlierein theynicrospheres are latex microspheres and 
the nanoparticles are gold nanoBarticleSL and^chahges in fluorescence, color or both are 
observed, \ \ \ 

88. The method of Claim^T flirmer coni^sing placing a portion of the mixture 
of the latex microspheres, nanoparticles andVucleic acid in an observation area located on 
a microporous material, treating the micropor(kis material so as to remove any unbound gold 
nanoparticles from the observation area, and men observing the changes in fluorescence, 
color, or both. \ 

89. A method of detecting nucleic acid lhaving at least two portions comprising: 
providing a first type of metallic or semiconductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of the nucleic acid knd being labeled with a fluorescent 
molecule; \ 
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providing a second type of metallic or semiconductor nanoparticles having 
oligonucleotides atteched thereto, the oligonucleotides having a sequence complementary to 
a second portion of me sequence of the nucleic acid and being labeled with a fluorescent 
molecule; \ 

contacting the nucleic acid with the two types of nanoparticles under 
conditions effective to aNow hybridization of the oligonucleotides on the two types of 
nanoparticles with the nucHeic acid; and 

observing chmges in fluorescence. 

90. The method of Qaim 89 further comprising placing a portion of the mixture 
of the nanoparticles and nucleiaacid in an observation area located on a microporous 
material, treating the microporous mfiterial so as to remove any unbound nanoparticles from 
the observation area, and then observing thb^changes in fluorescence. 

91. A method of delecting iiucleic acicih^ving at least two portions comprising: 
providing a typAof partlfcle]ia<ing^ attached thereto, the 

oligonucleotides having a firs^oprti^ii and a sefcond portion, both portions being 
complementary to portions of the aequenceyof the nucleic acid; 

providing a type of mobe oligonucleotides comprising a first portion and a 
second portion, the first portion having a sequmce complementary to the first portion of the 
oligonucleotides attached to the particles and bom portions being complementary to portions 
of the sequence of the nucleic acid, the probe oligflmucleotides further being labeled with a 
reporter molecule at one end; \ 

contacting the particle and the probfe oligonucleotides under conditions 
effective to allow for hybridization of the oligonucleolddes on the particles with the probe 
oligonucleotides to produce a satellite probe; \ 

then contacting the satellite probe with the nucleic acid under conditions 
effective to provide for hybridization of the nucleic acid vmh the probe oligonucleotides; 
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removing the Wticles; and 
detecting the reporter molecule. 

92. The method of Ckim 9 1 wherein the particles are magnetic and the reporter 
molecule is a fluorescent molecule. 

93. The method of Claim 91 wherein the particles are magnetic and the reporter 
molecule is a dye molecule. 

94. The method of Claim S[l wherein the particles are magnetic and the reporter 
molecule is a redox-active molecule. 

95. A kit comprising at least one cont^er, the container holding a composition 
comprising at least two types of nyaopartifcles haviiW oligonucleotides attached thereto, the 
oligonucleotides on the first type oiPttianoparticle^Ji^^ a sequence complementary to the 
sequence of a first portion of a nudeic^^cm, the oligonucleotides on the second type of 
nanoparticles having a sequence com^lementipy to the^ sequence of a second portion of the 
nucleic acid. 

96. The kit of Claim 95 wherein tke composition ia the container further 
comprises a filler oligonucleotide having a sequence complementary to a third portion of the 
nucleic acid, the third portion being located between the first and second portions. 

97. The kit of Claim 95 wherein the nanonarticles are made of gold. 

98. The kit of Claim 95 further comprising a solid surface. 



99. A kit comprising at least two containers. 
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the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a nucleic 
acid, and 

the second contain^tr holding nanoparticles having oligonucleotides attached 
thereto which have a sequence copjiplementary to the sequence of a second portion of the 
nucleic acid. 

100. The kit of Claim 99 comprising a third container holding oligonucleotides 
having a sequence complementary to a third portion of the nucleic acid, the third portion 
being located between the first and second portions. 

101 . The kit of Claim 99 whereiqA nanoparticles are made of gold. 



102. The kit of Claim 99 



lervcomjMdsing a solid surface. 



1 03. A kit comprising at least twoiconj 

the first container holmng^rimoparticl^s having oligonucleotides attached 
thereto which have a sequence complert^ntary^to the seqljence of a first portion of a binding 
oligonucleotide, and 

the second container holding onebr more types of binding oligonucleotides, 
each of which has a sequence comprising at least two portions, the first portion being 
complementaiy to the sequence of the oligonucleoudes on the nanoparticles and the second 
portion being complementary to the sequence of a portion of a nucleic acid. 



1 04. The kit of Claim 1 03 which comprises Additional containers, each holding an 
additional binding oligonucleotide, each additional \binding oligonucleotide having a 
sequence comprising at least two portions, the first portion being complementary to the 
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sequence of the oligoiJacleotides on the nanoparticles and the second portion being 
complementary to the sequence of another portion of the nucleic acid. 

105. The kit of Claim 103 wherein the nanoparticles are made of gold. 

1 06. The kit of Claim\ 1 03 further comprising a solid surface. 



1 07. A kit comprising: 

a container hohiing one type^^foanoparticles having oligonucleotides attached 
thereto and one or more types of oinding oligonucleotides, each of the types of binding 
oligonucleotides having a4equence comprising aneast two portions, the first portion being 
complementary to the sequence of the oligonucleotides on the nanoparticles, whereby the 
binding oligonucleotidesiate hybridized to the oHgonud^otides on the nanoparticles, and the 
second portion being compftementary tothe sequence oiSpne or more portions of a nucleic 
acid. 



108. A kit comprisinaat least coie container, the container holding metallic or 
semiconductor nanoparticles having oligonucleotides attached thereto, the oligonucleotides 
having a sequence complementary to a poraon of a nucleic acid and having fluorescent 
molecules attached to the ends of the oligonuoleotides not attached to the nanoparticles. 



1 09. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached \ thereto which have a sequence 
complementary to the sequence of a first portion of a hucleic acid; and 

a first container holding nanoparticles yiaving oligonucleotides attached 
thereto which have a sequence complementary to the seqjience of a second portion of the 
nucleic acid. 
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110. The kit of Clartn 1 09 further comprising: 

a second container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the oligpnucleotides on the nanoparticles in the first container; and 

a third container jholding nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides haviik a sequence complementary to the sequence of a second 
portion of the binding oligonucleotide. 

111. A kit comprising at least three containers: 
the first container holding nanoparticles; 

the second containerJhQlding a first oligonucleotide having a sequence 
complementary to the sequence a first pbrtion of a nucleic acid; and 

the third container holding axsecond^ofigonucleotide having a sequence 
complementary to the sequencelof a second poraem of the nucleic acid. 

1 12. The kit of Claim U4^fur^ a fourth container holding a third 
oligonucleotide having a sequence>i;omplemm to me sequence of a third portion of the 
nucleic acid, the third portion being Tbcated between the^rst and second portions. 

113. The kit of Claim 1 1 1 further comprising a substrate. 

1 1 4. The kit of Claim 1 1 3 further comprising: 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; Lid 

a fifUi container holding an oligonucleotidahaving a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 
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115. The kit of Claim 1 1 1 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 

116. The kit of Claim 11 3\ wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 

1 1 7. The kit of Claim 1 1 3 wherein the substrate has nanoparticles attached to it. 

118. The kit of Claim 1 1 1 wherein the nanoparticles are made of gold. 

119. A kit comprising: / \ \ 
a substrate having oligonucleorades attached thereto which have a sequence 

irst portion of a nucleic acid; 
ing nanoparticles h^*ng^oligonucl^ attached 
thereto, some of which have a sequence complemrat^ to thi sequence of a second portion 
of the nucleic acid; and \ y< \ \ 

a second container holding nanopanicles havii^ oligonucleotides attached 
thereto which have a sequence complementary to atMeast a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in the mst container. 

120. A kit comprising: \ 
a substrate; \ 
a first container holding nanoparticles; \ 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 



complementary to the sequence of a 
a first container ho 
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a foumi container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

121. The kit of (Tlaim 1 20 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional grouAs for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligoikcleotides to the substrate. 

122. The kit of Claim 120 wherein the nanoparticles are made of gold. 

1 23. A kit comprisingA 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a first container holdmg liposomes having oligonucleotides attached thereto 
which have a sequence compleni^fitSy^^ sequence of a second portion of the nucleic 
acid; and / \ \ 

a second container holfling nahoparticles having at least a first type of 
oligonucleotides attached thereto, the fikt type \f oligonucleotides having a hydrophobic 
group attached to the end not attached to thepatl^articles, 

124. The kit of Claim IZJW \ 

the nanoparticles imthe seV)nd container have a second type of 
oligonucleotides attached thereto, the second tjroe of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: \ 

a third container holding a seopnd type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotide^having a sequence complementary to 
at least a portion of the sequence of the second type oftoligonucleotides on the first type of 
nanoparticles. \ 
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1 25. ANkit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles haviW oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached toythem, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 

1 26. A kit comprising! 

a substrate, theAibstrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a first portion of a 
nucleic acid; and H \ \ 

a first container holding an ag^egate" probe comprising at least two types of 
nanoparticles having oligonucleotides^ thereto, the nanoparticles of the aggregate 
probe being bound to each^her L a result of the hybridization of some of the 
oligonucleotides attached to them, at lea^t one ofithe types of nanoparticles of the aggregate 
probe having oligonucleotides attached mereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 

127. The kit of Claim 126 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to aHow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple oifferent nucleic acids, or both. 

128. A kit comprising: \ 

a substrate having oligonucleotides attached thereto; 
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a first coWiner holding an aggregate probe comprising at least two types of 
nanoparticles having olii)nucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to j&ch other as a result of the hybridization of some of the 
oligonucleotides attached tj> them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleoti As attached thereto which have a sequence complementary to a 
first portion of the sequence df the nucleic acid; and 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereW the first type of oligonucleotides having a sequence 
complementary to a second portidn of the sequence of the nucleic acid, and the second type 
of oligonucleotides having a sequ^ce complementary to at least a portion of the sequence 
of the oligonucleotides attached to h^e substrate. 

129. A kit comprising> 

a substrate, the substr^e havingNiligonucleotides attached thereto, the 
oligonucleotides having a sequ^ce con^lementaryl^ the sequence of a first portion of a 
nucleic acid; 

a first container hoMingIjpe^|6imes havinfloligonucleotides attached thereto 
which have a sequence complem«f^ to th\sequence o\a second portion of the nucleic 
acid; and 

a second container holdkg an ag^gate probe comprising at least two types 
of nanoparticles having oligonucleotides attached Aereto, the nanoparticles of the aggregate 
probe being boimd to each other as a result of the 

hybridization of some of the oligonucleotides attache^ to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucledtides attached thereto which have a 
hydrophobic group attached to the end not attached to tWe nanoparticles. 

130. The kit of any one of Claims 1 25- 1 29 where\p the substrate is a transparent 
substrate or an opaque white substrate. 
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131. The kit of any one of Claims 125-129 wherein the nanoparticles of the 
aggregate probe are made of gold. 

132. A kit comprising at least three containers: 
the first container holding nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

the third containermolding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid. 

133. The kit of Claim 132 farther comprising a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of the 
nucleic acid, the third portion beingiocated between the first and second portions. 

134. The kit of Claim 1132 furthencomprisinXa substrate. 

135. The kit of Claim 1 34 flirAgjletSmprisingA 

' a fourth containeLh^lding a binding oligonucleotide having a selected 

sequence having at least two portions, the fiflst portion bei^ complementary to at least a 
portion of the sequence of the seconl^ oligonucleotide; and \ 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the bindina oligonucleotide. 

136. The kit of Claim 1 32 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucIeotMes to the nanoparticles. 

137. The kit of Claim 134 wherein the suostrate, nanoparticles, or both bear 
fimctional groups for attachment of the nanoparticles toUhe substrate. 
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138. The kit of Claifh 1 34 wherein the substrate has nanoparticles attached to it. 

1 39. The kit of Claim \l 32 wherein the nanoparticles are made of gold. 

140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of attirst portion of a nucleic acid; 

a first container holdbig nanoparticles having oligonucleotides attached 
thereto, some of which have a sequencdycomplementary to the sequence of a second portion 
of the nucleic acid; and 

a second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complemehtaQOo^t least a portion of the sequence of the 
oligonucleotides attached to the nanopap^tes in the fi^st container. 



141. A kit comprising: 
a substrate; 

a first container holdingViknopaiW^ 

a second container hol^ftg a fij-st oligonucleotide having a sequence 
complementary to the sequence of a first A)rtion of a nucleic acid; 

a third container holding k seconffl oligonucleotide having a sequence 
complementary to the sequence of a second portion if the nucleic acid; and 

a fourth container holding a third bligonucleotide having a sequence 
complementary to at least a portion of the sequence of^the second oligonucleotide. 

1 42. The kit of Claim 1 4 1 wherein the oligomkleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 
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143. The kit of Claim 141 wherein the nanoparticles are made of gold. 

1 44. A kit comprising! 
a substrate havhi^oligonucleotides attached thereto which have a sequence 

complementary to the sequence ofta first portion of a nucleic acid; 

a first container holadng liposomes having oligonucleotides attached thereto 
which have a sequence complements^ to the sequence of a second portion of the nucleic 
acid; and 

a second container holding nanoparticles having at least a first type of 
oligonucleotides attached thereto, the firist type of oligonucleotides having a hydrophobic 
group attached to the end not attached to tke nanoparticles. 



145. The kit of Claim 144 wh^ir 



the nanoparticles in 
oligonucleotides attached thereto, the 



le second ciDntainer have a second type of 
scond Vpe of oligonucleotides having a sequence 
complementary to the sequence of the Isj^igonucfl^otides ^p^Tasecond type of nanoparticles; 
and the kit further comprises: 

a third container holdj^ a second tybe of nanoparticles having 
oligonucleotides attached thereto, the oligoJ^cleotide\havingJi sequence complementary to 
at least a portion of the sequence of the second type o^pligonucleotides on the first type of 
nanoparticles. 



146. A kit comprising at least two containers, 

the first container holding particles having oftgonucleotides attached thereto 
which have a sequence complementary to the sequence of attirst portion of a nucleic acid, 
the oligonucleotides being labeled with an energy donor on\the ends not attached to the 
particles, 
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the second COTitainer holding particles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of a 
nucleic acid, the oligonucleotides being labeled with an energy acceptor on the ends not 
attached to the particles, \ 

1 47. The kit of Claim 1 46 wherein the energy donor and acceptor are fluorescent 
molecules. \ 

148. A kit comprising at least one container, the container holding a first type of 
particles having oligonucleotides attached thereto which have a sequence complementary to 
the sequence of a first portion of a nucleBO/efCiSTthesO being labeled with an 
energy donor on the ends not attached to the particles^and a second type of particles having 
oligonucleotides attached thereto wmch have a sequenceycomplementary to the sequence of 
a second portion of a nucleic acid, thioligonucleotides beiMlabeled with an energy acceptor 
on the ends not attached to the partiolits. \ ^^.^^ \ 

149. The kit of Claim 148 wW 
molecules. 

150. A kit comprising: 

a first container holding a type of rfiicrospheres having oligonucleotides 
attached thereto, the oligonucleotides having a sequenqe complementary to a first portion of 
the sequence of a nucleic acid and being labeled with amuorescent molecule; and 

a second container holding a type of nanoparticles having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. \ 




and acceptor are fluorescent 
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151. The kit of Claim r50 wherein the microspheres are latex microspheres and the 
nanoparticles are gold nanopartiWes. 

1 52. The kit of Claim 1 50 further comprising a microporous material. 

153. A kit comprising: \ 

a first container holding A first type of metallic or semiconductor nanoparticles 
having oligonucleotides attached theVeto, the oligonucleotides having a sequence 
complementary to a first portion of the s^enceVa nucleic acid and being labeled with a 
fluorescent molecule; and K \ \ 

a second container h<|witfg\a second\type of metallic or semiconductor 
nanoparticles having oligonucleotideWttacWdJiie^ oligonucleotides having a 
sequence complementary to a second p^ietfw the science of a nucleic acid and being 
labeled with a fluorescent molecule. \ \ 

1 54. The kit of Claim 1 53 further comprtsing a microporous material. 

155. A kit comprising a container holding a satellite probe, the satellite probe 
comprising: 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles,;the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 
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1 56. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least twoVpes of nanoparticles having oligonucleotides attached thereto, the 
nanoparticles of the agVegate probe being bound to each other as a result of the 
hybridization of some of tHte oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
sequence complementary to abortion of the sequence of a nucleic acid. 

1 57. A kit comprising k container holding an aggregate probe, the aggregate probe 
comprising at least two types of nkoparticles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate pVobe being bound to each other as a result of the 
hybridization of some of the oligonicleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe Having oligonucleotides attached thereto which have a 
hydrophobic group attached to the endVot attached to the nanoparticles. 

1 58. An aggregate probe, the akgregateVobe comprising at least two types of 
nanoparticles having oligonucleoti/es attaWd thereV the nanoparticles of the aggregate 
probe being bound to each othir as a r\sult of L^ridization of some of the 
oligonucleotides attached to them, a\kst oneW^^^^ of the aggregate 
probe having oligonucleotides macl^^i^)^ich have^ sequence complementary to a 
portion of the sequence of a nucleic acic 

1 59. The aggregate probe of Claim^l 58 com^sing two types of nanoparticles each 
having two types of oligonucleotides attached therek the first type of oligonucleotides 
attached to each type of nanoparticles having a sequenc\ complementary to a portion of the 
sequence of a nucleic acid, the second type of oligopuclLides attached to the first type of 
nanoparticles having a sequence complementary to at leas\ aportion of the sequence of the 
second type of oligonucleotides attached to the second typ\ of nanoparticles. 
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160. The aggregate pVobe of Claim 158 comprising three types of nanoparticles 
having oligonucleotides attach^ thereto, the oligonucleotides attached to the first type of 
nanoparticles having a sequenceVomplementary to at least a portion of the sequence of the 
oligonucleotides attached to the s^ond type of nanoparticles, the oligonucleotides attached 
to the second type of nanoparticles having a sequence complementary to at least a portion of 
the sequence of the oligonucleotidesVttached to the first type of nanoparticles, and the third 
type of nanoparticles having two typei of oligonucleotides attached thereto, the first type of 
oligonucleotides having a sequence cofbplementary to a portion of the sequence of a nucleic 
acid, and the second type of oligonuclekides having a sequence complementary to at least 
a portion of the sequence of the oligon^leotides attached to the first or second type of 
nanoparticles. 

161. An aggregate probe, the agi^egate probe comprising at least two types of 
nanoparticles having oligonucleotides attAd tlSrelcL the nanoparticles of the aggregate 
probe being bound to each other aJ a result of thk hybridization of some of the 
oligonucleotides attached to them, at le^ one (}f the types df nanoparticles of the aggregate 
probe having oligonucleotides attached ft^reto N^chjjav^a^drophobic group attached to 
the end not attached to the nanoparticlesA 

1 62. A kit comprising a container hbldingb core probe,W core probe comprising 
at least two types of nanoparticles having oligoiucleotWes attached thereto, the nanoparticles 
of the core probe being bound to each other as a resul\ of the hybridization of some of the 
oligonucleotides attached to them. 

163. The kit of Claim 162 further comprising a sAbstrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence cori^plementary to a first portion of 
the sequence of a nucleic acid to be detected. 
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>6 . The id, of ClaO, ,62 „. ,63 fimher comprising a .o„a.iner i^iding a ^ of 
— ie. i^vin, ^„ A ^^^^^^^^^^^^^ ^^^^^ jn^e 

o..go„..eo..eshavi„g.3eAcecon,pie.e„.a,,oaseco„dpo„io„of^^ 
andU,e3econd,^eof„,ig„„ueiU.,,avi„,^,„_,„„^^^^^^,^^^ ^^^^^^^ 

~.oiigo„„.^^^^^^^ 

.65. ^=';i'ofC.ai„,62L63,i^erco.prisi„gaco„.ai„erho,di„ga,ypeof 

Zr , r " "^T" """P'-^-^'o • potion of ..e «,„e„ce of 

«.eoi.go™.eo.,desa„aci,ed,oa.i.a«Uf«,e.^esof„anopa„ie,esof*eIp™,:^ 

166. A core probe comprising \at least twn tv«»o 

«r I *' 6 ¥« leasi two types of nanoparticles havina 

oW.«d„a«aohed..e.„.d,e„a;^^ 
oU,.a.a^„,.of,,eMridiza.„„o^Cp^^ 

167. A subsmte laving naLwticlian^^ 

a«ajrj'itr°'''^'T^4*""V^^ 

attached thereto which have a sequence corynUml*- . A 

anueleicacid. sequence ofafi«porUon of 

Z oi-^ ""T" "^"""""""-"^'^ -™g o,igo„ucieo«es attached 
««r«o .he „i.go„„c,eoUdes heing laheied with fllore^en. .oiecuies a. .he ends no. 
attached to the nanoparticle. * me enas not 

1 70. A satellite probe comprising: 
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a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion iand a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further havmg a 
reporter molecule attached to one end. 

171. A method of nanofabridation comprismg 

providing at least one wpe of linking oligonucleotide having a selected 
sequence, the sequence of each type of limdng oligonucleotide having at least two portions; 

providing one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of^e-types of nanoparticles having a sequence 
complementary to the sequence of a po^on of a lin^g oligonucleotide; and 

contacting the linking ^ligonuoleotides tod nanoparticles under conditions 
effective to allow hybridization of th4 oligonucteotides^j:^^ to the linking 

oligonucleotides so that a desired naftomatepalW^ nanosmicture is formed wherein the 
nanoparticles are held together by oligc^ocleotide coimectork 

1 72. The method of Claim 171 wftprein at Irast two types of nanoparticles having 
oligonucleotides attached thereto are provided, the oligonucleotides on the first type of 
nanoparticles having a sequence complementary to a first bortion of the sequence of a linking 
oligonucleotide, and the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to a second portion of the sequence of the linking oligonucleotide. 



185 



4149-1-1.1.1 

173. The method of Oaim 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanbparticles, or a combination thereof. 

174. The method of Clairii 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

1 75. A method of nanofabricatW comprising: 

providing at least two types^ nanoparticles having oligonucleotides attached 

thereto, 

the oligonucleotides on the fojit-iype of nanoparticles having a sequence 
complementary to that of the oligonucIeotid4on the s^>nd of the nanoparticles; 



the oligonucleotides on the 
complementaiy to that of the oligonucleoi 



fsecohd type of banoparticles having a sequence 
ies on the fiisf^e of nanoparticles; and 
contacting the first and s^iond^ij^ of n^oparticles under conditions 
effective to allow hybridization of the olig^MdeotLs on the Nanoparticles to each other so 
that a desired nanomaterial or nanostructureVs formed. 



176. The method of Claim 175 whereiA the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 



1 77. The method of Claim 1 76 wherein the metkllic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdsJ/ZnS (core/shell). 

178. Nanomaterials or nanostructures composed\of nanoparticles having 
oligonucleotides attached thereto, the nanoparticles being held t\gether by oligonucleotide 
connectors. 
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1 79. The nanom^erials or nanostructures of Claim 1 78 wherein at least some of the 
oligonucleotide connectora are triple-stranded. 

1 80. The nanomateWs or nanostructures of Claim 1 78 wherein the nanoparticles 
are metallic nanoparticles, semiconductor nanoparticles, or a combination thereof. 

181. The nanomaterialA or nanostructures of Claim 180 wherein the metallic 
nanoparticles are made of gold, and^ie semiconductor nanoparticles are made of CdSe/ZnS 
(core/shell). 

182. A composition comprising at least two types of nanoparticles having 
oligonucleotides attached thereto, the oWd^ on the first type of nanoparticles 
having a sequence complementary to tlieWquenceNDf a first portion of a nucleic acid or a 
linking oligonucleotide, the oligonuclteoticles on the sVond type of nanoparticles having a 
sequence complementary to the sequence ofa secojid^pdation of the nucleic acid or linking 
oligonucleotide. 



183. The composition of Clatai 1 82\ wherein ^e nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles. or a combination thereof 



1 84. The composition of Claim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are madV of CdSe/ZnS (core/shell). 



1 85. An assembly of containers comprising: 

a first container holding nanoparticles having oligonucleotides attached 

thereto, and 

a second container holding nanoparticles having oligonucleotides attached 

thereto, 
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the oligonucleotides attached to the nanoparticles in the first container having 
a sequence complementary to tha^of the oligonucleotides attached to the nanoparticles in the 

second container, 

the oligonucleotideWttached to the nanoparticles in the second container 
having a sequence complementaJ^ to that of the oligonucleotides attached to the 
nanoparticles in the second contained 

186. The assembly of ClaL 185 wherein the nanoparticles are metallic 
nanoparticles. semiconductor nanoparticles, or a combination thereof. 

1 87. The assembly of Claim 1 86 Wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles aL made of CdSe/ZnS (core/shell). 

188. A nanoparticle having a pf(Jj^ty\different oligonucleotides attached 

thereto. 

189. A method of separating a sUcteAK<I^id having at least two portions 
from other nucleic acids, the method compiflsjiig: 

providing two ormoretypesofLiopa^cleshaLgoligonucleotides attached 
thereto, the oligonucleotides on each of the Vpes V nano^cles having a sequence 
complementary to the sequence of one of the portions oVthe selected nucleic acid; and 

contacting the nucleic acids and nanoparAcles under conditions effective to 
allow hybridization of the oligonucleotides on the nanopLicles with the selected nucleic 
acid so that the nanoparticles hybridized to the select^! nucleic acid aggregate and 
precipitate. 

1 90. A method of binding oligonucleotides to charged nanoparticles to produce 
stable nanoparticlei-oligonucleotide conjugates, the method cor\)rising: 
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m 

m 
iUi 



^&. 



iB 

|i 3 



providing oligonVuotides I>avi„g eovalentiy bound ftereto a n,oie,y 
compnsmg a fimcional group whijh can bind to *e nanopanicles- 

'""'^^•'"^^"'^'-•Mesandthenanoparaoiesinwa.erforaperiodof 
..n,csuffic.en..o.,owa.,ea«.n,eU.o.igo„uo,.«d..bind,o*e^^^^^ 

of U-e ^, so.u.„„ b..„g sufficient .0 okon.e a. Icas, pania.1, 3^,^ 
««.eo,igonuc,eo,idesror^nano^^^^ 
the oligonucleoudes for eacli other, and 

/;"'^-"^*-"S--'-'i<V»<'-opartcIesinthesal.soIu,i„nforan 
nanoparUc.es to ptoduce the stable nanop^icle^^onucieotide conjugates, 

m ^--^''tc^^^^^.AA^,J^ ^^^^^^^ 

or semiconductor nanoparticles. ^ P<^icies 



192. The method of Claim 191 wheAijrthe\ 



janoparticles are gold nanoparticles. 



193. ThemethodofCIaiml92wherei)themi 



which can bind to the nanoparticles is an alkanethiol, 



moliety comprising a functional group 



194. The method of Claim 190 wherein all of the\ 
single addition. 



ialt is added to the water 



m a 



195. Tie method of Clain, l«)whe«i„ the salt is adL gradually over time. 

.96 1^ method of Ciain, „o wherein the sal. is siected fiom the group 
~g Of sodiun. chloHde. magnesium chloHde. p^tassi^hloHde. ammoL 
chlonde. sod,um, acetate, ammonium acetate, a combination of two \r more ofth.se salts, 
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one of these salts in a phosphate buffer, and a combination of two or more these salts in a 
phosphate buffer. 



buffer. 



1 97. The method of Claim 1 9eii wherein the salt is sodium chloride in a phosphate 



198. The method of Claim 1 90 whWein nanoparticle-oligonucleotide conjugates 
are produced which have the oligonucleotide^present on surface of the nanoparticles at 
surface density of at least 10 picomoles/cml 



hfl 

iiil 
fuJ 



1 99. The method of Claim 1 98 wherjbin 
of the nanoparticles at a surface density of at 



oligonucleotides are present on surface 
ast 1)5 picpflioies/cm^. 



200. The method of Claim 1 99 whergjftthe oKgonucleitides are present on surface 
of the nanoparticles at a surface density of fi%i ab\ut 15 pi^omoles/cm^ to about 40 
picomoles/cm^. 



1^, 
Q 
IN' 



uce 



201. A method of binding oligonucleotides \ to nanoparticles to prod 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotidfes comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonulleotides comprising a spacer 
portion and a recognition portion, the spacer portion being desired so that it can bind to the 
nanoparticles; and 

contacting the oligonucleotides and the nanop^cles under conditions 
effective to allow at least some of the recognition oligonuclWdes to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugate: 
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202. The methOKi of Claim 201 wherein each of the spacer portions of the 
recognition oligonucleotidek has a moiety covalently bound thereto, the moiety comprising 
a functional group which can bind to the nanoparticles 

203. The method of Claim 201 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

204. The method of Claim 203 wherein the nanoparticles are gold nanoparticles. 

205. The method of Clairp 204 wherein the spacer portion comprises at least about 
10 nucleotides. 

206. The method of Claii^ wherein the spacer portion comprises from about 
10 to about 30 nucleotides. 

207. The method of Claini 206 whw^inVhe bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytc^iies,yi uracils, or all guanines. 



208. A method of binding\oligonucleoti^es to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, pe method comprising: 

providing oligonucleotides, the oligonucleotides comprising: 
a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least some of each of the types \f oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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209. The method ofClaim 208 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles\ 

2 1 0. The method of Clami 209 wherein the nanoparticles are gold nanoparticles. 

211. The method of Claim 208 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recopiition portion, the spacer portion being designed so 
that it can bind to the nanoparticles. \ 

212. The method of Claim 21l\^erein each of the spacer portions of the 
recognition oligonucleotides has I moiety covale^tly bound thereto, the moiety comprising 
a functional group which can bindto the nanbparticW 

213. The method of Claim yl lymicmin the Spacer portions of the recognition 
oligonucleotides comprises at least aJ5out 10 nucleotides.\ 

214. The method of Claim 213 whereinVthe spacer portions of the recognition 
oligonucleotides comprises from about 10 nucleotides to about 30 nucleotides. 

215. The method of Claim 21 1 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils or all guanines. 

2 1 6. The method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. \ 
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217. The method \ of Claim 216 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. \ 

218. The method of Claim 208 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotioips. 

219. A method of bindingloligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonuclep^^ covalently boimd thereto a moiety 

comprising a functional group wmch\can bind to the nanoparticles, the oligonucleotides 
comprising: / \ \ 

a type ob recognition oligonucleotides; and 
a type ofldiluent oligonudeWides; 

contacting the oligonucleotides with the nanoparticles in water for a period 
of time sufficient to allow at leaSt^efne of each of me types of oligonucleotides to bind to 
the nanoparticles; \ \ \ \ 

adding at least one salt to the water ttxiorm a salt solution, the ionic strength 
of the salt solution being sufficient toVvercome at least partially the electrostatic attraction 
or repulsion of the oligonucleotides for the nanoparticles and the electrostatic repulsion of 
the oligonucleotides for each other; and \ 

contacting the oligonucleotides and nanoparticles in the salt solution for an 
additional period of time sufficient to allow additional oligonucleotides of each of the types 
of oligonucleotides to bind to the nanoparticles to produce the nanoparticle-oligonucleotide 
conjugates. \ 



220. The method of Claim 2 1 9 wherein the\ianoparticles are metal nanoparticles 
or semiconductor nanoparticles. 
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221. The metHodofClaim 220 wherein the 



nanoparticles are gold nanoparticles. 



222. The method Wlaim 22 1 wherein the 
which can bind to the nanopiicles is an alkanethiol. 



moiety comprising a functional group 



223. The method of C^im 219 wherein all of the 
single addition. 



salt is added to the water 



m a 



224. H^e method of Clai^ ^^^^^^ ^^^^ 

225. The method of cikiL 2I9\herein the salt is selected from th 
consisting of sodium chloride LLsium \hln ^""^ 
.hi. ^- ma^esium i^hlonde, potassium chloride, ammonium 

one of these salts in a phosphate\lLfFer\«nH^ V- • ' 
phosphate buffer. ''"'X"-p^"'"V'-»-^'-o »-ore ftese sa,^ ^ 



buffer. '''"'*°'°'''"A'"r"*'-'''-*-'>-°.^<'einapho.pha.e 



227. The method of Claim 219 wherei 
are produced which have the oligonucleotides 
a surface density of at least 1 0 picomoles/cm^, 



228. ThemethodofClaim227whereintheoli 




nanoparticle-oligonucleotide conjugates 



are present on surface of the nanoparticles at 



of the nanoparticles at a surface density of at least 15 pic^ es/cm 



^onucleotides are present on surface 
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229. The method of Claim 228 wherein the oligonucleotides are present on surface 
of the nanoparticles at a\ surface density of from about 15 picomoles/cm^ to about 40 
picomoles/cm^. 

230. The method onClaim 219 wherein each of the recognition oligonucleotides 
comprises a spacer portion anma recognition portion, the spacer portion having attached to 
it the moiety comprising a functional group which can bind to the nanoparticles. 

23 1 . The method of Cla^ 230 wherein the spacer portion comprises at least about 
10 nucleotides. 

232. The method of C}^am\23 1 wlifeifein the spacer portion comprises from about 
10 to about 30 nucleotides. 

233. The method of Cmim 23pwherein the bases of the nucleotides of the spacers 
are all adenines, all thynfiines, aljpwe^osines, all uracils, or all guanines. 

234. The method of Claim^30 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contain*^d in the spacer portions of the recognition 
oligonucleotides. 

235. The method of Claim 234 wherein the sequence of the diluent 
oligonucleotides is the same as thei sequence of the^ spacer portions of the recognition 
oligonucleotides. 



236. The method of Claim 2 1 9 wherein the oligqiucleotides comprise at least two 
types of recognition oligonucleotides. 
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237. Naritoparticle-oligonucleotide conjugates which are nanoparticles having 
oligonucleotides attached to them, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucleotides having a sequence complementary to at least one portion of the 
sequence of a nucleic acid^r another oligonucleotide.. 

238. The conjugates of Claim 237 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cm^ 

239. The nanoparticlesW Claim 238 wherein the oligonucleotides are present on 
surface of the nanoparticles at a sMa5bsdensity of at least 15 picomoles/cm^. 

240. The nanoparticlejs of Claim 239 wherein the oligonucleotides are present on 
surface of the nanoparticles at ^surface densi^ys^ from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. \\ \ 

241. The nanoparticles lof Claim 237^herein the nanoparticles are metal 
nanoparticles or semiconductor nanppartictes. 

242. The nanoparticles of Claim ^41 wherein the nanoparticles are gold 
nanoparticles. \ 

243 . Nanoparticles having oligonucleotides^ttached to them, the oligonucleotides 
comprising at least one type of recognition oligonufcleotides, each of the recognition 
oligonucleotides comprising a spacer portion and a recomition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, me recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. \ 
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244. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

245. The nanoparticles^of Claim 243 wherein the spacer portion comprises at least 
about 10 nucleotides. 

246. The nanoparticles o^Claim 245 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticles of Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 



248. The nanoparticles o 
surface of the nanoparticles at a 



Claim\243 wherein the oligonucleotides are present on 
density of at least 10 picomoles/cm^. 



su face 



249. The nanoparticles onClaim 248wh€feimthe oligonucleotides are present on 
surface of the nanoparticles at a stirface4disity;of at least 15 picomoles/cm^. 



250. The nanoparticles of ClaLm 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface de^ity of frqm about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

251. The nanoparticles of Claim 243 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

252. The method of Claim 251 wherein the nanoparticles are gold nanoparticles. 
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253. Nanopartkles having oligonucleotides attached to them, the oligonucleotides 
comprising: \ 

at least on4 type of recognition oligonucleotides, each of the types of 
recognition oligonucleotides comprising a sequence complementary to at least one portion 
of the sequence of a nucleic acid or another oligonucleotide; and 

a type of diluera oligonucleotides. 

254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at leasWsje portion of the sequence of a nucleic acid or another 
oligonucleotide. / \ \ 

255. The nanoparticles of ^laimV5^>Avherein the spacer portion has a moiety 
covalently bound to it, the moiet^comprisii^^^ functional group through which the spacer 
portion is bound to the nanopartic|^: \ 

256. The nanoparticles of Claim 1254 wherein the spacer portion comprises at least 
about 10 nucleotides. \ 

257. The nanoparticles of Claim 25ft wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. \ 

258. The nanoparticles of Claim 254 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

259. The nanoparticles of Claim 253 wherein uie oligonucleotides are present on 
surface of the nanoparticles at a surface density of at leas\ 10 picomoles/cm^. 
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260. The naiaoparticles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanopartlcles at a surface density of at least 1 5 picomoles/cm^, 

26 1 . The nanopkrticles of Claim 260 wherein the oligonucleotides are present on 
surface of the nanoparticlesy t a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

262. The nanoparticles of Claim 254 wherein the diluent oligonucleotides contain 
about the same number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. 



263. The nanoparticles/^qf Cl^ 262 wherein the sequence of the diluent 



oligonucleotides is the same 
oligonucleotides. 



as \that oIR the spacer portions of the recognition 



264. The nanoparticles W^Cl^im 
nanoparticles or semiconductor nanbparti(5les. 



.wherein the nanoparticles are metal 



265. The nanoparticles of Claim\264 wherein the nanoparticles are gold 
nanoparticles. 



266. A method of detecting a nucleic acie comprising: 

contacting the nucleic acid with at least one type of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242\imder conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hyJ>ridization of the oligonucleotides 
on the nanoparticles with the nucleic acid. 
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267. A method olE detecting a nucleic acid comprising: 

contacting the nucleic acid with at least one type of nanoparticles according to any 
one of Claims 243-265 undenponditions effective to allow hybridization of at least one of 
the types of recognition oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable mange brought about by hybridization of the recognition 
oligonucleotides with the nucleic Vcid. 

268. A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticle-oligonucleotide conjugates according to any 

one of Claims 237-242, the oligonuoJeotides on each nanoparticle having a sequence 
complementary to the sequence of at least two portions of the nucleic acid; 

contacting the nucleic aofd^hd the conjugates under conditions effective to 
allow hybridization of the oligonuclptides oh the nanoparticles with the two or more 
portions of the nucleic acid; and I \ \ / 

observing a detectable change^OT^ about by hybridization of the 
oligonucleotides on the nanoparticles with^^^nucMc acid. 

269. A method of detecting a nucleic acid having at least two portions comprising: 
contacting the nucleic acid wim at least two types of nanoparticle- 
oligonucleotide conjugates according to any one of Claims 237-240, the oligonucleotides on 
the nanoparticles of the first type of conjugates havmg a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles of the 
second type of conjugates having a sequence complementary to a second portion of the 
sequence of the nucleic acid, the contacting taking placd imder conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought Vbout by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acidA 
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270. Tl\method of Claim 269 wherein the contacting conditions include freezing 
and thawing. 

27 1 . The method of Claim 269 wherein the contacting conditions include heating. 

272. The metho(\of Claim 269 wherein the detectable change is observed on a 
solid surface. 

273. The method of\Claim 269 wherein the detectable change is a color change 
observable with the naked eye. 

274. The method of /$l\im 273 ^erein the color change is observed on a solid 
surface. 

275. The method ClaiiTV^9 where^ the nanoparticles are metal nanoparticles 
or semiconductor nanoparticlg 

276. The method of Cftiim 269 therein the nanoparticles are gold nanoparticles. 

277. The method of Claim 269 wdierein the oligonucleotides attached to the 
nanoparticles are labeled on their ends not attacmed to the nanoparticles with molecules that 
produce a detectable change upon hybridization ot the oligonucleotides on the nanoparticles 
with the nucleic acid. 

278. The method of Claim 277 whereik the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides^ attached to the nanoparticles are 
labeled v^th fluorescent molecules. 
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279. ThWethod of Claim 269 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementa^to this third portion of the nucleic acid; and 

the nucleic \cid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to aljow hybridization of the filler oligonucleotide with the nucleic 
acid. 

280. The method of cAaim 269 wherein the nucleic acid is viral RNA or DNA. 

28 1 . The method of/Clail^ 269 w^ierein the nucleic acid is a gene associated with 
a disease. 



282. The method of i 



xin the nucleic acid is a bacterial DNA. 



283. The method of Clmn 269 Wherein the nucleic acid is a fungal DNA. 

284. The method of Claim 269 vmerein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified naturaPor synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Claim 269 whereinVhe nucleic acid is from a biological 

source. 



286. The method of Claim 269 wherein the\ nucleic acid is a product of a 
polymerase chain reaction amplification. 
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287. The method \f Claim 269 wherein the nucleic acid is contacted with the first 
and second types of conjugates simultaneously. 

288. The method ofvClaim 269 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the nanoparticles of first type of conjugates before 
being contacted with the second tjroe of conjugates. 

289. The method of Clair^ 288 wherein the first type of conjugates is attached to 
a substrate. 

290. The method of Claimf^9^erein the nucleic acid is double-stranded and 
hybridization with the oligonuclec/tidesVon theynanoparticles results in the production of a 
triple-stranded complex. 

29 1 . A method of detecti nuclVk^dli^ng at least two portions comprising: 
providing a type of liW^f^icles accorcmig to any one of Claims 243-252 

having recognition oligonucleotides macheay thereto, the recognition oligonucleotides on 
each nanoparticle comprising a sequence cor^lementary to the sequence of at least two 
portions of the nucleic acid; 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on\the nanoparticles with the two or more 
portions of the nucleic acid; and \ 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleici acid. 

292. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least twAtypes of nanoparticles according 

to any one of Claims 243-250 having recognition oligonucleotides attached thereto, the 
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recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementary to a first pOTtion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second Vpe of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hyoridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

293 . The method of Claim 292 ^^Ja€r&ip the contacting conditions include freezing 
and thawing. 

294. The method of Claim 29 2 ^^w^e^n2ife\^ontacting conditions include heating. 

295. The method of Claim ZY^^hferfin the detectable change is observed on a 
solid surface. 

296. The method of Claim 292 A^rherein ijie detectable change is a color change 
observable with the naked eye. 



297. The method of Claim 296 wherein the\color change is observed on a solid 



surface. 



298. The method of Claim 292 wherein the nanojjarticles are metal nanoparticles 
or semiconductor nanoparticles. 



299. The method of Claim 298 wherein the nanoparticles are made of gold. 
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300. SThe method of Claim 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce a det^table change upon hybridization of the oligonucleotides on the 
nanoparticles with th^ucleic acid. 

301. The method of Claim 300 wherein the nanoparticles are metallic or 
semiconductor nanoparticres and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent mofecules. 

302. The method of Claim 292 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of thj^ on the nanoparticles do not include 

sequences complementary to this thkd portion c\f the nucleic acid; and 

the nucleic acid is furmer contagjted with a filler oligonucleotide having a 
sequence complementary to tms third portidnof theViucleic acid, the contacting taking place 
under conditions effective to alBDM^fi^ridfeatioi^bf^ filler oligonucleotide with the nucleic 
acid. 

303. The method of Claim 292 wherW the nucleic acid is viral RNA or DNA. 

304. The method of Claim 292 wherein ^e nucleic acid is a gene associated with 
a disease. 

305. The method of Claim 292 wherein the rJucleic acid is a bacterial DNA. 



306. The method of Claim 292 wherein the nucfteic acid is a fimgal DNA. 
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307. V The method of Claim 292 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA,\ structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DN A. 

308. The nrfthod of Claim 292 wherein the nucleic acid is from a biological 

source. 

309. The methdd of Claim 292 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 

3 1 0. The method onClaim 292 wherein the nucleic acid is contacted with the first 
and second types of nanopartidp simultaneously. 

311. The method of Claim 292Vwherein the nucleic acid is contacted and 
hybridized with the oligonubkotides\)n the^ksC^e of nanoparticles before being contacted 
with the second type of nanop 

312. The method of Clai^ 3 1 1 ^herein the first type of nanoparticles is attached 
to a substrate. 

313. The method of Claim 292 whensin the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

314. A method of detecting a nucleic acid havikg at least two portions comprising: 
providing a type of nanoparticles according to any one of Claims 253-265 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
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each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of theoiucleic acid; 

cc^ntacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridiza^on of the recognition oligonucleotides on the nanoparticles with the two 
or more portions ot^e nucleic acid; and 

obsermng a detectable change brought about by hybridization of the 
recognition oligonucloptides on the nanoparticles with the nucleic acid. 

315. A method of detecting nucleic acid having at least two portions comprising: 
contacting\the nucleic acid with at least two types of nanoparticles according 

to any one of Claims 253^^63 havihg recognition oligonucleotides attached thereto, the 
recognition oligonucleotides on the fiFst type of nanoparticles comprising a sequence 
complementary to a first portion of th^W^ence of the nucleic acid, the recognition 
oligonucleotides on the seconckypg^ lanoparticles comprising a sequence complementary 
to a second portion of the ^eqtftnce-^ acid, the contacting taking place under 

conditions effective to^^mlpw hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleu: acicn and 

observing a (fetectaMe change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles v^th the nucleic acid. 

316. The method of Claun 3 1 5 wherein the contacting conditions mclude freezing 
and thawing. 

3 1 7. The method of Claim 315 whereiV the contacting conditions include heating. 



318. The method of Claim 315 wherein fi{ie detectable change is observed on a 
solid surface. 
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319. The mVhod of Claim 315 wherein the detectable change is a color change 
observable with the na»ed eye. 



320. The methoa\pf Claim 319 wherein the color change is observed on a solid 



surface. 



321. The method of Claim 3 1 5 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

322. The method of Claim 321 wherein the nanoparticles are made of gold. 



m 
w 
m 



323 . The method of Gfaim d 1 5\^erein the recognition oligonucleotides attached 
to the nanoparticles are labeledpn their ends ntot attached to the nanoparticles v^th molecules 
that produce a detectable chWige upon hybridization of the recognition oligonucleotides on 
the nanoparticles with the nu\l^ic acid. 

324. The method ofVV^laitn 323 wherein the nanoparticles are metallic or 
semiconductor nanoparticles ^^aiid--.:flie^ oligonucleotides attached to the 
nanoparticles are labeled with fluorescent m^ecules] 



325. The method of Claim'315 where! 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contactedWith a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the l[iller oligonucleotide with the nucleic 
acid. 
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326. The metHpd of Claim 3 1 5 wherein the nucleic acid is viral RNA or DNA, 

327. The method)pf Claim 3 1 5 wherein the nucleic acid is a gene associated with 
a disease. 

328. The method of Claim 315 wherein the nucleic acid is a bacterial DNA. 

329. The method of Claim 3 1 5 wherein the nucleic acid is a fungal DNA. 

330. The method of Claik 315 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modifi^dJOatural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

331. The method of [Claim 3j^5 wherein the nucleic acid is from a biological 

source. 



332, The method of Cmim 315\^^ie^ei^ the nucleic acid is a product of a 
polymerase chain reaction amplification. 



333. The method of Claim 3 1 5 wher^ the nucleic acid is contacted with the first 
and second types of nanoparticles simultaneousw. 

334. The method of Claim 315 wherein the nucleic acid is contacted and 
hybridized with the recognition oligonucleotides on the first type of nanoparticles before 
being contacted with the second type of nanoparticle 



335. The method of Claim 334 wherein the fifst type of nanoparticles is attached 
to a substrate. 
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336. The me^thod of Claim 315 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. \ 

337. A method of defecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acuiime corseting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticle-oligonucleotide :onjugates accordiM toapy one of Claims 237-240, at least one 
of the types of oligonucleotides attamedio^tiie^anopa^^ of the conjugates having a 
sequence complementary to-^=5§Sond\porSdnsonA sequence of said nucleic acid, the 
contacting taking place under conditions effelmve to allow hybridization of the 
oligonucleotides attached to theVianoparticles of the conjugates with said nucleic acid; and 

(c) observing a d^ectable qhange. 

338. The method of Claim 337 further comprising: 

(d) contacting the first type of naiioparticle-oligonucleotide conjugates bound 
to the substrate with a second type of nanoparticle-oligonucleotide conjugates according to 
any one of Claims 237-240, at least one of the\types of oligonucleotides attached to the 
nanoparticles of the second type of conjugates Imving a sequence complementary to the 
sequence of one of the types of oligonucleotides attached to the nanoparticles of the first type 
of conjugates, the contacting taking place under conodtions effective to allow hybridization 
of the oligonucleotides attached to the nanoparticles of the first and second types of 
conjugates; and \ 

(e) observing the detectable change. \ 
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339. The metHpd of Claim 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles o^he first type of conjugates has a sequence complementary to the 
sequence of at least one of the types of oligonucleotides on the nanoparticles of the second 
type of conjugates and the method further comprises: 

(f) contacting the second type of conjugates bound to the substrate with the 
first type of conjugates, the\contacting taking place imder conditions effective to allow 
hybridization of the oligonuctpotides on the nanoparticles of the first and second types of 
conjugates; and 

(g) observing thA detectable change. 



340. The method of Clairop39 wHerein step (d) or steps (d) and (£) are repeated one 



or more times and the detectab 



341. 



change is observed. 



The method of Ifflaimu^ turther compnsmg: 

(d) providing aV5T)e\ of "TMAding oligonucleotides having a sequence 
comprising at least two portions, me first portiOTi being complementary to at least one of the 
types of oligonucleotides attached to the nanoparticles of the first type of conjugates; 

(e) contacting the bindingioligonucleotides with the first type of conjugates 
boimd to the substrate, the contacting taking place xmder conditions effective to allow 
hybridization of the binding oligonucleotide's with the oligonucleotides on the nanoparticles 
of the first type of conjugates; 

(f) providing a second type \f nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-240, at feast one of the types of oligonucleotides 
attached to the nanoparticles of the second tVpe of conjugates having a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of conjugates, the contacting taking place mider conditions effective to allow 
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hybridization of the oligonucleotides attached to the nanoparticles of the second type of 
conjugates with the bindingSpligonucleotides; and 

(h) observing me detectable change. 

342. The method of Claim 341 further comprising: 

(i) contacting the second type of conjugates bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonuc\eotides with the oligonucleotides on the nanoparticles 
of the second type of conjugates; 

(j) contacting the bindink oligonucleotides bound to the substrate with the first 
type of conjugates, the contacting t^ikmg place imder conditions effective to allow 
hybridization of the oligonucleotides/n tnp nanoif articles of the first type of conjugates with 
the binding oligonucleotides; and 

(k) observing the detfectgbf^hang^ 



343. The method of Claim 34^ wherein stepp (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and tne detecMble change is observed. 

344. The method of Claim 337 where\n the substrate is a transparent substrate or 
an opaque white substrate. 

345. The method of Claim 344 wherein ^e detectable change is the formation of 
dark areas on the substrate. 

346. The method of Claim 337 wherein the\ianoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. 
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347. The methdfi of Claim 346 wherein the nanoparticles of the conjugates are 
made of gold or silver. 

348. The method of Claim 337 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

349. The method of Clain\337 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

350. The method of Claim 34^^^di^rein the substrate is contacted with silver stain 
to produce the detectable change. 

351. The method of Clainji 337 wl^ereijjJ^ii^etectable change is observed v^th an 
optical scanner 

352. The method of Claim 3^ wherei^ the^kvice is a flatbed scanner. 

353. The method of Claim 35 1 wherein the scarmer is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative^ measure of the amount of nucleic acid 
detected. 

354. The method of Claim 337 wherein th^ oligonucleotides attached to the 
substrate are located between two electrodes, the nanopmicles of the conjugates are made 
of a material which is a conductor of electricity, and the i^etectable change is a change in 
conductivity. 
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355. The rkethod of Claim 354 wherein the electrodes are made of gold, and the 
nanoparticles are madevof gold. 

356. The methodNjf Claim 354 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

357. The method of CB^m 348 wherein each of the plurality of oligonucleotides 
attached to the substrate in the arr^ is located between two electrodes, the nanoparticles are 
made of a material which is a condil^tor of electricity, and the detectable change is a change 
in conductivity. 



358. The method of Claim 33^7^ 
nanoparticles are made of gold. 



rein the electrodes are made of gold, and the 



359. The method of Clairii $57 w^ereinj 
to produce the change in conductivij 



^^ubWate is contacted with silver stain 



3 60. A method of detecting a nucleic icid having at least two portions comprising: 

(a) contacting the nucleic acid With a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bounU to the substrate with a first type of 
nanoparticles according to any one of Claims 243^250 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting taking place und^ conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles v^th said nucleic acid; and 
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(c) observingSa detectable change. 

361 . The method of Claim 360 further comprising: 

(d) contacting thd first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and \ 

(e) observing the detecJl^bi2^^ 

362. The method of ClaimbeO whWeia^east one of the types of recognition 
oligonucleotides on the first type ofinan^pira has a sequence complementary to the 
sequence of at least one of the types ojflpll^^ on the second type of nanoparticles 
and the method further comprises: \ \^ 

(f) contacting the seconcMype of nanbparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first andVecond types of nanoparticles; and 

(g) observing the detectable change, \ 

363. The method of Claim 362 wherein step (d) oV steps (d) and (f) are repeated one 
or more times and the detectable change is observed. \ 

3 64. The method of Claim 3 60 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complfementary to at least one of the 
types of oligonucleotides on the first type of nanoparticles; \ 
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contacting the binding oligonucleotides with the first type of nanoparticles 
bound to the suofetrate, the contacting taking place under conditions effective to allow 
hybridization of the^inding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; 

(f) providing a second type of nanoparticles according to any one of Claims 
243-250 having recognitibn oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the secona^ortion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, theV:ontacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and 



365. 



(h) observing the 



detettableychange. 



The method of Claim iMvlurtwer compnsmg: 
(i) contacting th€^cond ty^e^a^n^ bound to the substrate with the 

binding oligonucleotides, the conmcting tatong place under conditions effective to allow 
hybridization of the binding oligonucleotides^th the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking plaqe under conditions effective to allow 
hybridization of the oligonucleotides on the first tj^e of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable change. 



366. The method of Claim 365 wherein steps (e) alid (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. 
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367. The method of ^laim 360 wherein the substrate is a transparent substrate or 
an opaque white substrate. 

368. The method of Clai^ 367 wherein the detectable change is the formation of 
dark areas on the substrate. 

369. The method of Claim 3^0 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



370. The method of Claim 369\ wherein the nanoparticles are made of gold or 



silver. 



371. The method of Claim 3fi6 wherein W substrate has a plurality of types of 
oligonucleotides attached to it in an army to allow iW^^detection of multiple portions of 
a single nucleic acid, the detection of multipleJ^ nucleic acids, or both. 

372. The method of Claim 360 Vherein\he substrate is contacted with silver stain 
to produce the detectable change. 

3 73 . The method of Claim 37 1 wherein the^ubstrate is contacted with silver stain 
to produce the detectable change. 

375. The method of Claim 360 wherein the de\ectable change is observed with an 
optical scanner 



376. The method of Claim 375 wherein the deviceMs a flatbed scanner. 
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3 77. The method o^laim 3 75 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to i^rovide a quantitative measure of the amount of nucleic acid 
detected. 

378. The method of Claim 360 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 

379. The method of Claim 378 \yherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 



380. The method of Claim 3 78 ^her^n the sbljstrate is contacted v^th silver stain 
to produce the change in conductivity. 

381. The method of Claim 37lVwhe5esi3^aeh-of4h^urality of oligonucleotides 
attached to the substrate in the array is lo'^Sted between two electrodes, the nanoparticles are 
made of a material which is a conductor of \lectricity\and the detectable change is a change 
in conductivity. 



382. The method of Claim 381 wherein the eldptrodes are made of gold, and the 
nanoparticles are made of gold. 

383. The method of Claim 381 wherein the substraje is contacted v^th silver stain 
to produce the change in conductivity. 



384. A method of detecting a nucleic acid having at least two portions comprising: 
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(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonuclbotides having a sequence complementary to a first portion of 
the sequence of said nucleic aaid, the contacting taking place under conditions effective to 
allow hybridization of the oligqnucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 253-263 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the recognition oligonucleotides on the nanoparticles with said nucleic acid; 
and 

(c) observing a detectable change^ 

385. The method of Claim 384 mrthep^eim 

(d) contacting the fiist t^^f nanoparticles bound to the substrate with a 
second type of nanoparticles acco^dMgtoam one"of<^ims 253-263having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and \ 

(e) observing the detectable change. \ 

386, The method of Claim 385 wherein at leafet one of the types of recognition 
oligonucleotides on the first type of nanoparticles compriises a sequence complementary to 
the sequence of at least one of the types of oligonucleotides on the second type of 
nanoparticles and the method further comprises: \ 
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(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the conracting taking place under conditions effective to allow 
hybridization of the oligonucleotidesyon the first and second types of nanoparticles; and 

(g) observing the detecmble change. 

387. The method of Claim 386 wlaerein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change ia observed. 

388. The method of Claim 384 further comprising: 

(d) providing a type of biniding oligonucleotides having a sequence 
comprising at least two portions, the first portij^n^eing^emplement^ to at least one of the 
types of oligonucleotides on the first type ot nanbparticles;\ 

(e) contacting the binding oligonucleotides wi^j^ first type of nanoparticles 
bound to the substrate, the contacting t^ng plgpe^lmder conditions effective to allow 
hybridization of the binding oligonucleotiM^^^itfi^e ollgolraclgotjdes on the first type of 
nanoparticles; \\ \ 

(f) providing a second type of rl^opanicles according to any one of Claims 
253-263having recognition oligonucleotides attachedthereto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the second portion of the sequence of me binding oligonucleotides; 

(g) contacting the binding oligonucleotides\bound to the substrate with the 
second type of nanoparticles, the contacting taking place imoer conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and ' \ 

(h) observing the detectable change. \ 

3 89. The method of Claim 388 further comprising: \ 
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(i) contacting the seccHid type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; \ 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting tal^ng place under conditions effective to allow 
hybridization of the oligonucleotides on tke first type of nanoparticles with the binding 
oligonucleotides; and \ 

(k) observing the detectable change. 

390. The method of Claim 389 whereinWeps (e) and (g) or steps (e), (g), (i) and G) 
are repeated one or more times, and the detectablpchkr^ge is observed. 

391 . The method of Claim 384 whe^in me substrate is a transparent substrate or 
an opaque white substrate. \ \ ^^^-"^^ 

392. The method of Claim 391 whereik the detectaBlelmange is the formation of 
dark areas on the substrate. \ \ 

393. The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. \ 

394. The method of Claim 393 wherein the nanopgrticles are made of gold or 
silver. \ 

395. The method of Claim 384 wherein the substrate ha^ a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 
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396. The method of Claim 3 84 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

372. The method of Claim 395 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

398. The method of 0|aim 384 wherein the detectable change is observed with an 
optical scanner 

399. The method of Claim ^8 wherein the device is a flatbed scanner. 

400. The method of Claim 39^5^^aer^the scanner is linked to a computer loaded 
with software capable of calculaftingi greyscate measurements, and the greyscale 
measurements are calculated, to proyide a q^antitativesjneasure of the amoimt of nucleic acid 
detected. 



401. The method of Clalfti 384 whWin Ae^eUkpnucleotides attached to the 
substrate are located between tv^o ele^odes, the Aanoparticles are made of a material which 
is a conductor of electricity, and the delectable ch^ge is a change in conductivity. 

402. The method of Claim 401 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

403. The method of Claim 401 wherein the subst^te is contacted v/ith silver stain 
to produce the change in conductivity. 



404. The method of Claim 397 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electr<^des, the nanoparticles are 
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made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. \ 

405. The method of Clami 404 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. \ 

406. The method of Claim 4m wherein the substrate is contacted with silver stain 
to produce the change in conductivity. \ 

407. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides beiik located between a pair of electrodes, the 
oligonucleotides having a sequence complememary to asfirst portion of the sequence of said 
nucleic acid, the contacting taking place xinder conditions effective to allow hybridization of 
the oligonucleotides on the substrate with^aad nucleic acid;\^ 

(b) contacting said nucleic Mid boupd-t^ttie siibstrate with a first type of 
nanoparticles, the nanoparticles being made odF^TtuRerial whieh,^ conduct electricity, the 
nanoparticles having one or more types of oli^nuclWides attacheosthereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting takii^ placet under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 

(c) detecting a change in conductivity, \ 

408. The method of Claim 407 wherein the substmte has a plurality of pairs of 
electrodes located on it in an array to allow for the detection oV multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, W both, each of the pairs of 
electrodes having a type of oligonucleotides attached to the substrate between them. 
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409. The memod of Claim 407 wherein the nanoparticles are made of metal. 

410. The methoJi of Claim 407 wherein the nanoparticles are made of gold or 
silver. \ 

411. The method of Claim 407 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

4 1 2. The method of Claim ^07 further comprising: 

(d) contacting the firstVype of nanoparticles bound to the substrate v^th a 
second type of nanoparticles, the nanoparticles being made of a material which can conduct 
electricity, the nanoparticles having oligonuclgctides attached thereto, at least one of the 
types of oligonucleotides on the secon^^^e onnanoparticles comprising a sequence 
complementary to the sequence of one of the\types oRoligonucleotides on the first type of 
nanoparticles, the contacting taking plac(i under^ conditimis effective to allow hybridization 
of the oligonucleotides on the first and second types opiMoparticles; and 

(e) detecting the change im con^HtSm^ity. \ 

413. The method of Claim 412 wherein at least one of the types of oligonucleotides 
on the first type of nanoparticles has a sequence complementary to the sequence of at least 
one of the types of oligonucleotides on the second typeW nanoparticles and the method 
further comprises: \ 

(f) contacting the second type of nanoparticles\boimd to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) detecting the change in conductivity. \ 



224 



4149-1-1-1-1 



414. The method of Claim 41 3 wherein step (d) or steps (d) and (f) are repeated one 
or more times and me change in conductivity is detected. 

415 Themetiiodof Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with an 
aggregate probe having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being made of a material which can conduct electricity, at least one of the types of 
oligonucleotides on the aggregate probe comprising a sequence complementary to the 
sequence of one of the types W oligonucleotides on the first type of nanoparticles, the 
contacting taking place underX conditions effective to allow hybridization of the 
oligonucleotides on the aggregateyprobeNvith the oligonucleotides on the first type of 
nanoparticles; / \ \ 

(e) and detecting the change in conductivity. 

416. A method of detacting^puc^eic acid Mving at least two portions comprising: 

(a) contacting a nimeicacid ^ritiR^rsuljOT^ having oligonucleotides attached 
thereto, the oligonucleotides beingMocated beWeen apair of electrodes, the oligonucleotides 
having a sequence complementary to a first portion of the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the substrate vsdth said nucleic acid; 

(b) contacting said nucleic acid bouncMo the substrate with an aggregate probe 
having oligonucleotides attached thereto, at least one of the types of oligonucleotides on the 
aggregate probe comprising a sequence complementary^ to the sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate pr&be being made of a material which 
can conduct electricity, the contacting taking place unoer conditions effective to allow 
hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

(c) detecting a change in conductivity. \ 
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417. A method>of detecting a nucleic acid wherein the method is performed on a 
substrate, the method compnsing detecting the presence, quantity, or both, of the nucleic acid 
with an optical scanner. \ 

418. The method of Claim 417 wherein the device is a flatbed scanner. 

419. The method of Claim 4 1 7 wherein the scanner is linked to a computer loaded 
with software capable of calcuMing greyscale measurements, and the greyscale 
measurements are calculated, to proviae a quantitative measure of the amount of nucleic acid 
detected. \ 

420. The method of Claim 4 1 7 wherein the scanner is linked to a computer loaded 
with software capable of providing an ima^euj^ substrate, and a qualitative determination 
of the presence of the nucleic acid, the cuantky oi^e nucleic acid, or both, is made. 

42 1 . A kit comprising a container hol^ftglimOT^ conjugates 
according to any one of Claims 237-242^F^^^^^^^ 

422. A kit comprising a contained holding nanoparticles according to any one of 
Claims 243-265. \ 

423. A kit comprising a substrate having attached thereto at least one pair of 
electrodes with oligonucleotides attached to the substrate Between the electrodes. 

424. The kit of Claim 423 wherein the substrate has a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection ofimultiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both. 
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425. A method of nanofabrication comprising 

providing^ least one type of linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonucleotide having at least two portions; 

providing oxik or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of a 
portion of a linking oligonucleotide; and 

contacting the linKdng oligonucleotides and conjugates under conditions 
effective to allow hybridization of the oligonucleotides attached to the nanoparticles of the 
conjugates to the linking oligonucleotides so that a desired nanomaterial or nanostructure is 
formed wherein the nanoparticles of \he conjugates are held together by oligonucleotide 
connectors. 

426. A method of nanofabricatiJai compn^ing 
providing at least one type\pf linlcim^igonucleotide having a selected 

sequence, the sequence of each type ot lh:il^^^ligonucle^ having at least two portions; 

providing one or more types of rmnoparticles^according to any one of Claims 
243-265, the recognition oligonucleotiobs on each of the types of nanoparticles comprising 
a sequence complementary to the sequence of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles imder conditions 
effective to allow hybridization of the oligonucleotiaes on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nMOstructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 

427. A method of nanofabrication comprising: 
providing at least two types of nanoparti<3^e-oligonucleotide conjugates 

according to any one of Claims 237-242, 



227 



AUS-l'I'I'i 

%Q oligonucleotides attached to the nanoparticles of the first type of 
conjugates having\ sequence complementary to that of the oligonucleotides attached to the 
nanoparticles of the second type of conjugates; 

the oligqiucleotides attached to the nanoparticles of the second type of 
conjugates having a sequekce complementary to that of the oligonucleotides attached to the 
nanoparticles of the first type of conjugates; and 

contacting the first and second types of conjugates under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles of the conjugates to each 
other so that a desired nanomatemal or nanostructure is formed, 

428. A method of nanofabrication comprising: 

providing at least two Qmesjofomoparticles according to any one of Claims 

243-265, X \ 

the recognition oligonucleotides on uje first type of nanoparticles comprising 
a sequence complementary to that of me oligonucleotides on the second of the nanoparticles; 

the recognition oligcmucleotiides^pi^ type of nanoparticles 

comprising a sequence complementarX^^ on the first type of 

nanoparticles; and \\ \ 

contacting the first and sftcond types of nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to each other so 
that a desired nanomaterial or nanostructure is formed. 

429. Nanomaterials or nanostructures composed of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242, the rtanoparticles being held together 
by oligonucleotide connectors. \ 

430. Nanomaterials or nanostructures composed of n^oparticles according to any 
one of Claims 243-265, the nanoparticles being held together by oligonucleotide connectors. 
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43 L method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticle-oligonucleotide conjugates 
according to any one M Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of cWjugates having a sequence complementary to the sequence of one 
of the portions of the selected nucleic acid; and 

contacting the nucleic acids and conjugates imder conditions effective to 
allow hybridization of the olifielauciebtM on the nanoparticles of the conjugates vnth the 
selected nucleic acid so thayOie conjugategshybridized to the selected nucleic acid aggregate 
and precipitate. / \ \^ 

432. A method or^^j^tinaa^-sek^Qte^ acid having at least two portions 
from other nucleic acids, the method comprisingrA 

providing two or\npre typekof nanoparticles according to any one of Claims 
243-265, the oligonucleotides onNeach of me types of nanoparticles having a sequence 
complementary to the sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the s^elected nucleic acid aggregate and 
precipitate. \ 
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